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(57) Abstract 

Disclosed arc compounds of fonnula (1) or the pharmaceuticaDy acceptable salts thereof, wherein die 6-memberBd A ring may be 
optionally substituted with up to four groups independently selected firom halogen, hydroxy, lower alkyl, or lower alkoxy, Ar represents 
optionally substituted aryl ar heteroaiyl, Z represents carbon or nitrogen provided that where Z is carbon, Rii i^nesoits hydrogen, halogen, 
hydroxy, lower alkyl, or lower alkoxy, or phenyl optionally substituted with one or two groups selected from hydrogen, halogen, hydroxy, 
lower alkyl, or lower alkoxy; and where Z is nitrogen, Ru represents an electron pair. Rs is hydiogwi or lower alkyl; L and m r^wreseni 
integers; n is 0. or an Integer, R12 and R13 independently represent lower alkyl; or togedier may logeflicr form an c^tionally substituted 
5-1 1 membered ring wifli the nitrogen atoms to which they are bonded; CR'R" represents a methylene group optionally substituted wifli 
lower alkyl; and k is an integer <rf from 1 to 3. which compounds are useful in treating various neuropsychological disorders including, for 
example, schizophrenia, dementia, depression, anxiety, Paridnson-like motor disorders and motion disorders related to tiie use of neuroleptic 
agents. 
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nACKnnnvsn nir thk invkntion 

5 Ft^ld of the InvCTtion 

This invention relates to aminoisoindole derivatives which selectively bind to brain 
dopamine receptor subtypes. More specifically, it relates to l-(N'-(arylalkylanunoalkyl)) 
aminoisoindoies and to pharmaceutical cothposidons comprising such compounds. It further 
relates to the use of such compounds in treating various neuropsychochologicai disorders. . 

10 Descrintinn of thP Relatgd Art 

Schizophrenia or psychosis is a term used to describe a group of illnesses of unknown 
origin which affect approximately 2.5 million people in the United States. These disorders of the 
brain are characterized by a variety of symptoms which arc ckissified as posiuve symptoms 
(disordered thou^t, hallucinations and delusions) and negative symptovas (social withdrawal and 

15 unresponsiveness). These disorders have an age of onset in adolescence or early adulthood and 
persist for many years. The disorders tend to become more severe during the patients lifetime and 
can result in prolonged insrinitionalization. Within the United States of America, approximately 
40% of all hospitalized psychiauic patients suffer from schizophrenia. 

During the I950*s physicians demonstrated tiiat diey could successfully treat psychotic 

20 (schizophrenic) patients widi medications called neuroleptics. This classification of antipsychotic 
medication was based largely on die activating (neuroleptic) properties of die nervous system by 
dicse drugs. Subsequentiy, neuroleptic agents were shown to increase the concentrations of 
dopamine metabolites in die brain. This finding suggested tiiat altered neuronal firing of the 
dopamine system contributed in some way to die abcnrant behavior observed in schizophrenic 

25 patients. Additional evideiice indicated tiiat dopamine could increase die activity of adenylate 
cyclase in die corpus siriamm, an effect reversed by neuroleptic agents. Thus, cumulative evidence 
from these and later experiments strongly suggested tiiat die neurotransmitter dopanune was 
involved in schizophrenia. 
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One of the major actions of antipsychotic medication is the blockade of dopamine receptors 
in brain* Several dopamine systems appear to exist in the brain and at least five classes of 
dopamine receptors appear to mediate the actions of this transmitter. These dopamine receptors 
differ in their pharmacological specificity and were originally classified on the basis of their ability 
S to bind various dopaminergic iigands. 

The butyrophenones are a class of drugs containing many potent antipsychotic drugs. 
Peiiiaps the most prominent member of this class of compounds is the antipsychotic drug 
haloperidol (chemical name). Haloperidol binds relatively weakly at the major dopamine receptor 
subtype which activates adenylate cyclase (commonly classified as die Di dopamine receptor). In 
10 contrast, haloperidol displayed binding affinity at a dopamine receptor subtype which suppressed 
the activity of adenylate cyclase (commonly classified as D2 receptors) in the sulmanomolar range. 

Recendy, three additional dopamine receptor subtypes have been identified using the often 
congruent sciences of receptor pharmacology and molecular biology. These new dopamine 
receptors have been labeled as D3, D4, and D5. The D3 and D4 subtypes are pharmacologically 
IS related to the D2 receptor via their ability to suppress the activity of adenylate cyclase. Conversely, 
die Ds receptor is classified as a "Di-like** dopamine subtype through its ability to stimulate cyclase 
activity. 

Recently, a new group of drugs (such as sulpiride and clozapine) have been developed 
with a lesser incidence of extrapyramidal side effects (EPS) than classical neuroleptics. In 

20 addition, there is some indication that they may be more beneficial in treating negative symptoms in 
some patients. Since all D2 blockers do not possess a similar profile, hypotheses underlying the 
differences have been investigated. Major differences have been detected in the anticholinergic 
actions of these drugs. It has also been suggested Uiat the dopamine receptors in motor areas may 
differ from those in the limbic areas which are thought to mediate die antipsychotic responses. The 

25 existence of the D3, D4 and D5 and other as yet undiscovered dopamine receptors may contribu^ 
to this profile. Some of the atypical compounds possess sinular activity at D2, D3 and D4 
receptors. The examples of this patent fall into this general class of molecules. 
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Using molecular biological techniques it has been possible to clone cDNAs coding for each 
of the pharmacologically defined receptors. There are at least two forms of Dl which have been 
identified as Di and D5, and two fonns of D2, identified now as D2 and D4 dopamine receptors. 
In addition, there is at least one form of D3 dopamine receptor. The 1-(N'- 
(aryialkylaminoalkyl))aminoisoindoles of this invention possess differential affmities for each 
receptor subtype. 
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SUMMARY OF THK INYKNTTON 



This invention provides novel compounds of Formula 1 which interact with dopamine 
receptor subtypes. 

The invention provides phannaceudcal composidons comprising compounds of Fomiiila 1. 
5 The invention also provides compounds useful in treating affective disorders such as schizophrenia 
and depression as well as certain movement disorders such as Parkinsonism. Furthermore, 
compounds of this invention are useful in treating the extrapyramidal side effects associated with 
the use of conventional neuroleptic agents. Since particularly dopamine D3 and D4 receptor 
subtypes are concentrated in the limbic system (Taubcs, Science 265 (1994) 1034), which 

10 controls cognition and emotion, compounds which interact with these receptors are useful in the 
treatment of cognitive disorders. Such disorders may be the cognitive deficits which are a 
significant component of the negative symptoms (social withdrawal and unresponsiveness) of 
schizophrenia. Other disorders involving memory impairment or attention deficit disorders can 
also be treated with some of the compounds of this invention that interact specifically with 

15 dopamine D3 and/or D4 receptor subtypes. Accordingly, a broad embodiment of the invention is 
directed to a compounds of Formula 1 



20 the 6-membered A ring may be optionally substituted with up to four groups independently 
selected from halogen, hydroxy, lower alkyl, or lower alkoxy; 
Ar represents optionally substituted aryl or heteroaryl 
Z represents carbon or nitrogen provided that 




i 



where 
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where Z is carbon, Rn represents hydrogen, halogen, hydroxy, lower alkyl, or lower 

alkoxy. or phenyl optionally substituted with one or two groups selected fitjm hydrogen, 

halogen, hydroxy, lower alkyl, or lower alkoxy; and 

where Z is nitrogen, Ri i represents an electron pair; 
5 R5 is hydrogen or lower alkyl; 
L is an integer of from 1-4; 
m is an integer of from 2-S; 
n is 0, or an integer of from 1-4; 

R12 and Ri3 independently represent lower alkyl; or together may represent (CRxRy)s where s is 
10 an integer of from 1-6 and Rx and Ry independentiy represent hydrogen or lower alkyl; 

CR'R" represents a metiiylene group optionally substituted with lower alkyl; and 
k is 0 or an integer of from 1 to 3, 

Thus, the compounds of Formula 1 can be used in the treatment of various 
15 neuropsychochological disorders including, for example, schizophrenia, dementia, depression, 
anxiety, Parkinson-like motor disorders and motion disorders related to the use of neuroleptic 
agents. 



-6- 
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DETAFLKD DESrurPTinM OF THF IIVVirMTy^iy 
The novel compounds encompassed by the instant invention can be described by general 
formula 1: 




Rl6 



10 



la 

wherein: 

Rl. R2, R3. R4 and R7, Rg and R9 are the same or different and represent hydrogen, halogen, 

hydroxy, lower alkyl, or lower alkoxy; 
X represents carbon or nitrogen provided diat 

where X carbon, R6 represents hydrogen, halogen, hydroxy, lower alkyl having 1-6 
carbon atoms, or lower alkoxy; and 
where X is nitrogen, R6 represents an electron pair, 
Y represents carbon or nitrogen provided that 

where Y is carbon, Rio represents hydrogen, halogen, hydroxy, lower alkyl, or lower 
IS alkoxy; and 

where Y is nitrogen, Rio lepiesencs an electron pair, 
Z represents carbon or nitrogen provided diat 

where Z is carbon, Rn represents hydrogen, halogen, hydroxy, lower alkyl, or lower 
alkoxy, or phenyl optionally subsututed with one or two groups selected from hydrogen, 
iO halogen, hydroxy, lower alkyl, or lower alkoxy; and 

when Z is nitrogen, Ri 1 represents an electron pair, 
R5 is hydrogen or lower alkyl; 
L is an integer of from 1-4; 
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m is an integer of from 2-S; 

n is 0, or an integer of from 1-4; 

Rl2 and R13 indq[>endently represent lower alkyl; or 

R12 and Ri3 taken together may represent (CRxRy)s where s is an integer of from 1-6 and Rx and 
5 Ry independently represent hydrogen or Iowa alkyl; 

R7 and Rg together may represent a benzo ring optionally substituted with up to four substitutents 

selected from hydrogen, halogen, hydroxy, lower alkyl, or lower alkoxy; and 
Rl4, R15, Ri5 and Rn are die same or different and represent hydrogen or lower alkyl. 

Preferred compounds of Fonnula are tiiose where s is an integer of from 1-4, and most 
10 preferably from 2-3. 

The present invention also encompasses compounds of Fonnula 2' 




2 

15 wherein: 

RI1 R2. R3» R4 and R7, Rg and R9 are die same or different and represent hydrogen, halogen, 

hydroxy, lower alkyl, or lower alkoxy; 
X represents carbon or nitrogen provided tiiat 

where X carbon. Re represents hydrogen, halogen, hydroxy, lower alkyl having 1-6 
20 carbon atoms, or lower alkoxy; and 

where X is nitrogen, R6 represents an electron pair; 
Y represents carbon or nitrogen provided that 
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where Y is carbon, RiQ represents hydrogen, halogen, hydroxy, lower alkyl, or lower 
alkoxy; and 

where Y is nitrogen, Rio represents an electron pair, 
Z represents carbon or nitrogen provided that 



halogen, hydroxy, lower alkyl, or lower alkoxy; and 

when Z is nitrogen, Ri i represents an electron pair, 
R5 is hydrogen or lower alkyk 
10 L is an integer of from 1-4; 
m is an integer of from 2-5; 
n is 0, or an integer of from 1-4; 
R12 and Ri3 independently represent lower alkyl; or 

R12 and Ri3 taken together represent (CH2)s where s is an integer of from 1-6; 
IS R7 and R8 together may represent a benzo ring optionally substituted widi up to four substitutents 
selected from hydrogen, halogen, hydroxy, lower alkyl, or lower alkoxy. 
Preferred compounds of Formula 2 are those where s is an integer of from 1-4, and most 
preferably from 2-3. 

20 The present invention further encompasses compounds of Formula ^: 



5 



where Z is carbon, Ri 1 represents hydrogen, halogen, hydroxy, lower alkyl, or lower 
alkoxy, or phenyl optionally substituted witii one or two groups selected from hydrogen, 




Rio 



R9 
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wherein: 

Rl, R2, R3. R4 and R7. Rg and R9 are the same or different and represent hydrogen, halogen, 

hydroxy, lower alkyl, or lower alkoxy; 
Rl 6 represents hydrogen or lower alkyl; 
S X represents carbon or nitrogen provided that 

where X carbon, R^ represents hydrogen, halogen, hydroxy, lower alkyl having 1-6 
carbon atoms, or lower alkoxy; and 
where X is nitrogen, Rg represents an electron pair. 
Y represents carbon or nitrogen provided that 
10 where Y is carbon, Rio represents hydrogen, halogen, hydroxy, lower alkyl, or lower 

alkoxy; and 

where Y is nitrogen, Rio represents an electron pain 
m is an integer of from 2-5; 

R7 and Rg together optionally represent a benzo ring opdonally substituted with up to four 
15 subsdtutents selected from hydrogen, halogen, hydroxy, lower alkyl, or lower alkoxy. 

Preferred compounds of formula 1 are those where m is 2, 3 or 4. Particularly preferred 
compounds of Formula 1 are those where m is 2 or 3; Ri, R2, R3, R4 are hydrogen; R7 and R9 
are hydrogen and Rg is hydrogen, hydroxy, halogen or alkoxy. More particularly preferred 
compounds of Formula 1 are those where m is 2 or 3; Ri, R2, R3, R4 arc hydrogen; R16 is 
20 hydrogen or methyl; R7 and R9 are hydrogen; and Rg is hydrogen, hydroxy or methoxy. Still 
other preferred compounds of formula 1 are those where m is 2 or 3; X and Y independentiy 
represent methylene optionally substimted with lower alkyl, preferably mediyl; Ri, R2« R3« R4 are 
hydrogen; R16 is hydrogen or metiiyl; R7 and R9 are hydrogen and Rg is hydrogen, hydroxy or 
methoxy. 



-10- 
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The present invention also encompasses compounds of Formula ^: 





Rio 



wherein: 



5 Ri, R2, R3t R4 and R7, Rg and R9 are the same or different and represent hydrogen, halogen, 
hydroxy, lower alkyl, or lower alkoxy; 
Y represents carbon or nitrogen provided that 

where Y is carbon, RiQ represents- hydrogen, halogen, hydroxy, lower alkyl, or lower 
alkoxy; and 

10 where Y is nitrogen, Rio represents an electron pair; 

m is an integer of from 2-5; and 

R7 and Rg together may represent a benzo ring optionally substituted with up to four substitutents 
selected from hydrogen, halogen, hydroxy^ lower alkyl, or lower alkoxy. 
Preferred compounds of formula 4 are those where m is 2, 3 or 4. Particularly preferred 
15 conq>ounds of Formula 4 are those where m is 2 or 3; and Ri, R2, R3, R4 are hydrogen; R7 and 

R9 are hydrogen; and Rg is hydrogen, hydroxy, halogen or alkoxy. More particularly preferred 

compounds of Formula 4 are those where m is 2 or 3; and R}, R2, R3, R4 are hydrogen; R7 and 

R9 are hydrogen; and Rg is hydrogen, hydroxy or methoxy. 
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The present invention also encompasses compounds of Fonnula 5: 




5 

wherein: 

5 Ri, R2, R3. R4 and R7. Rg and R9 are the same or different and represent hydrogen, halogen, 
hydroxy, lower alkyl, or lower alkoxy; 
X represents carbon or nitrogen provided that 

where X carbon. Re represents hydrogen, halogen, hydroxy, lower alkyl having 1-6 
carbon atoms, or lower alkoxy; and 
10 where X is nitrogen, R6 represents an electron pair, 

Y represents carbon orniirogen provided that 

where Y is carbon, Rio represents hydrogen, halogen, hydroxy, lower alkyl, or lower 
alkoxy; and 

where Y is nitrogen, Rio represents an electron pain 
15 Z represents CH2 or nitrogen; 
m is an integer of from 2-5; 
n is 0, or an integer of from 1-4; 
R12 represents hydrogen or lower alkyl; and 

R7 and Rg together optionally represent a benzo ring optionally substituted with up to four 
20 substitutents selected from hydrogen, halogen, hydroxy, lower alkyl, or lower alkoxy. 

Preferred compounds of formula 1 are those where m is 2, 3 or 4 and n is 0. Particularly 
preferred compounds of Fonnula 1 are those where Rl2 is hydrogen or alkyl; m is 2, n is 0; Z is 

-12- 
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CH2; Rl. R2* R3» R4 are hydrogen; R7 and R9 are hydrogen; and Rg is hydrogen, hydroxy, 
halogen or alkoxy. More particularly preferred compounds of Formula 5 are those where Ri2 is 
hydrogen or methyl; m is 2; n is 0; Z is CH2; and Ri, R2t R3, R4 are hydrogen; R7 and R9 are 
hydrogen; and Rg is hydrogen, hydroxy or methoxy. 

5 

In addition, the present invention provides confounds of Formula 




Rio 



wherein: 

10 Ri, R2» R3« R4 and Rg are the same or different and represent hydrogen, halogen, hydroxy, 
lower alkyl, or lower alkoxy; 
R6 and RiO independently represent hydrogen, halogen, hydroxy, lower alkyl, or lower alkoxy; . 
Z represents CH2 or nitrogen; 
m is an integer of from 2-5; 
IS Rs represents hydrogen or lower alkyl; 
n is 0, or an integer of from 1-4; and 
R12 represents lower alkyl. 

Preferred compounds of formula ^ are those where m is 2, 3 or 4 and n is 0. Particularly 
preferred compounds of Formula d arc those where R12 is hydrogen or alkyl; m is 2, n is 0; Z is 
J 20 CH2; Rl, R2f R3» R4 are hydrogen; and Rg is hydrogen, hydroxy, halogen or alkoxy. More 
particularly preferred compounds of Fonnula t are those where Rl2 is hydrogen or methyl; Rg is 
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hydrogen: RlO is hydrogen or lower alkoxy, preferably methoxy; m is 2; n is 0; Z is CH2; and R i . 
R2» R3» R4 are hydrogen; and Rg is hydrogen, hydroxy or methoxy. 



^CR'R")c^/ll 

5 Representative ^2 R13 n groups of formula i above include the 



following: 
alkyr^ 



I 








^\A/» «AA/* «AA/» *AA/* 

6 6 6c 




alkoxy 





,CH3 
'CH3 



N N* 



I 



I 



OR 




HO'j I 
halogen OR 
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In the above preferred groups, OR represents hydroxy or alkoxy. 

Representative confounds of the present invention, which are encompassed by Formula 1, 
S include, but are not Uniited to the compounds shown below in Table 1 and their pharmaceutically 
acceptable salts. Non-toxic pharmaceuucally acceptable salts include salts of acids such as 
hydrochloric, phosphoric, hydrobromic, sulfuric, sulfinic, formic, toluene sulfonic, hydroiodic, 
acetic and the like. Those skilled in the art will recognize a wide variety of non*toxic 
pharmaceuucally acceptable addition salts. 
10 The present invention also encompasses the acylated prodrugs of the compounds of 

Formula 1. Those skilled in the an will recognize various synthetic methodologies which can be 
enq>loyed to prepare non-toxic pharmaceutically acceptable addition salts and acylated prodrugs of 
the compounds encompassed by Formula 1 . 

By "aryl" and "Ar" is meant an aromatic carbocyclic group having a single ring (e.g., 
IS phenyl), multiple rings (e.g., biphenyl), or multiple condensed rings in which at least one is 
aromatic, (e.g., 1,2,3,4-tetrahydronaphthyi, naphthyl, anthryl, or phenanthryl), which can 

•15- 
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optionally be unsubstiiuted or substituted with e.g., halogen, lower alkyl, lower alkoxy, lower 
alkylthio, trifluoromethyl, lower acyloxy, aryl, heieroaiyU and hydroxy. 

By "alkyr and "lower alkyl" is meant straight and branched chain alkyl groups having 
from 1-6 carbon atoms. 

5 By "lower alkoxy" and "alkoxy" is meant straight and branched chain alkoxy groups 

having from 1-6 carbon atoms. 

By "heteroaryr is meant 5, 6, or 7 membered aromatic ring systems having at least one 
hetero atom selected from die group consisting of nitrogen, oxygen and sulfur. Examples of 
heteroaryl groups are pyridyl pyrimidinyl, pyrrolyl, pyrazolyl, pyrazinyl, pyridazinyl, oxazolyl, 
10 furanyl, quinolinyl, isoquinolinyl, ihiazoIyU and thienyl, which can optionally be unsubstimted or 
substituted witii e.g., halogen, lower alkyl, lower alkoxy, lower alkylthio, trifluorometiiyl, lower 
acyloxy, aryl, heteroaryl, and hydroxy. 

By halogen is meant fluorine, chlorine, bromine and iodine. 
By alkylsulfonyl is meant a sulfonyl group substituted witii a lower alkyl group. 
15 By arylalkylsulfonyl is meant a sulfonyl group substituted with an aiylalkyl group. 

By aminosulfonyl is meant a sulfonyl group substituted with an amino group. 
By alkylaminosulfonyl is meant a sulfonyl group substituted widi a lower alkylamino, or 
di-lower alkylamino group. 

Representative examples of bridged 4-phenyl.2-aminometiiylimidazoles according to the 
20 invention arc shown in Table 1 below. 



-16- 
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Table 1^ 




3R5-H 
i R5 = CH3 




2 RlO = OCH3 
The number below each structure is its compound number. 

The pharmaceutical utility of compounds of this invention are indicated by the following 
5 assays for dopamine receptor subtype affinity. 

Assay for and rftrentor binding aptgvltv 

Pellets of COS cells containing recombinantly produced D2 or D3 receptors from African 
Green monkey were used for the assays. The sample is homogenized in 100 volumes (w/vol) of 
10 O.OS M Tris HCl buffer at 4"" C and pH 7.4. The sample is then centrifuged at 30,000 x g and 
resuspended and rehomogenized The sample is then centrifuged as described and the final dssue 
sample is frozen unul use. The tissue is resuspended 1:20 (wt/vol) in O.OS M Tris HCl buffer 
containing 100 mM NaQ. 
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Incubations are carried out at 48''C and contain 0.4 ml of tissue sample. 0.5 nM 3h- YM 
09151-2 and the compound of interest in a total incubation of 1.0 ml. Nonspecific binding is 
defined as that binding found in the presence of 1 mM spiperone; without further additions, 
nonspecific binding is less than 20% of total binding. TTie binding characteristics of exanq)les of 
5 this patent for the D2 and D3 receptor subtypes are shown in Table 2 fior Rat Striatal Homogenates. 



TABLE 2 

Comnnimri NiimhArl K| (mM) D3 K£ ^mM^ 

1 2.380 >100 

2 1.420 >100 
1 1.937 >100 

^ Compound numbers relate to compounds shown in Table 1 above. 

10 Assay for recgntnr Mnriing activity 

Qonal cell lines expressing the human dopamine D4 ncepux subtype were harvested in PBS and 
the cells centrifuged and the pellets stored at -80° C until used in the binding assay. The pellets 
were rcsuspended and the cells lysed at 4° C in 50 mM Tris pH 7.4 buffer containing 120 mM 
NaCl, 1 mM EDTA and 5 mM MgCla. The homogenate is centrifuged at 48000 x g for 10 
15 minutes at 4" C. The resulting pellet is resuspended in fresh buffer and centrifi^ed again. After 
resuspension of the pellet in fresh buffer a 100 ml aliquot is removed for protein determination. 
The remaining homogenate is centrifuged as above, the supernatant removed and the pellet stored 
at 4* C until needed at which time it is resuspended to a final concentration of 625 mg/ml (250 mg 
per sample) with 50 mM Tris buffer (pH 7.4) and 120 mM NaCl just prior to use. Incubations 
20 were carried out for 60 minutes at 25° C in the presence of 0.1 nM (^HJ YM-09151-2. The 
incubation was terminated by rapid filtration through Whatman GF/C filters and rinsed with 2 x 4 
ml washes of chUled 50 mM Tris (pH 7.4) and 120 mM NaCl. Non-specific binding was 
determined with 1 mM spiperone and radioactivity determined by counting in an LKB beta counter. 
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Binding -parameiers were detennined by non-linear least squares regression analysis, from which 
the inhibition constant Ki could be calculated for each test compound The binding characteristics 
of some examples of this invention are shown in Table 3 for the dopamine D4 binding assay. In 
general, compounds of the accompanying Examples were tested in the above assay, and all were 
found to possess a Ki value for the displacement of [^H]YM-091Sl-2 from the human dopamine 
D4 receptor subtype of below 500 nM. Some specific data is indicated in Table 3. 

Table 3 

Compound Numher^ (mM) 

1 0.012 

2 0.070 
2 0.100 

1 Compound numbers relate to compounds shown in Table 1 above. 

Compounds 1 and 2 are particularly preferred embodiments of the present invention 
because of their profile in Inndihg to dopamine receptor subtypes. 

The compounds of general Formulas 1 may be administered orally, topically, parenterally, 
by inhalation or spray or r^tally in dosage unit formulations containing conventional non-toxic 
pharmaceutically acceptable carriers, adjuvants and vehicles. The term parenteral as used herein 
includes subcutaneous injections, intravenous, intramuscular, intrastemal injection or infusion 
techniques. In addition, there is provided a pharmaceutical foimulation conq)iising a compound of 
genoal Formula 1 and a phannaceutically acceptable carrier. One or more compounds of general 
Formula 1 may be present in association with one or more non-toxic pharmaceutically acceptable 
carriers and/or diluents and/or adjuvants and if desired other active ingredients. The 
pharmaceutical compositions containing compounds of general Formula 1 may be in a form 
suitable for oral use* for example, as tablets, troches, lozenges, aqueous or oily suspensions, 
dispersible powders or granules, emulsion, hard or soft capsules, or syrups or elixirs. 
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Compositions intended for oral use may be prepared according to any method known to the 
an for die manufacture of pharmaceutical compositions and such compositions may contain one or 
more agents selected from the group consisting of sweetening agents, flavoring agents, coloring 
agents and preserving agents in order to provide pharmaceutically elegant and palatable 
5 preparations. Tablets contain the active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipienis which are suitable for die manufacture of tablets. These cxcipients may be 
for example, inert diluents* such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example, com starch, or 
alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, for 
D example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be 
coated by known techniques to delay disintegration and absorption in die gasax)inte5tinal tract and 
thereby provide a sustained action over a longer period. For cxanq)lc, a time delay material such as 
glyceryl monosterate or glyceryl distearate may be employed. 

Formulations for oral use may also be presented as hard gelatin capsules wherein the active 
i ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate 
or kaolin, or as soft gelatin capsules wherein the active ingredient is tnixed with water or an oil 
medium, for example peanut oil, liquid paraffin or olive oil. 

Aqueous suspensions contain the active materials in admixture widi excipients suitable for 
the manufacture of aqueous suspensions. Such excipients are suspending agents, for example 
sodium carboxymethylcelluldse, metiiylcellulose, hydropropylmethylcellulose, sodium alginate, 
polyvinylpyrrolidone, gum ffagacantii and gum acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example, lecidiin, or condensation products of an alkylene 
oxide widi fatty acids, for example polyoxyetiiylene stearate, or condensation products of ediylene 
oxide with long chain aliphatic alcohols, for example heptadecaethyleneoxycetanol, or 
condensation products of ethylene oxide witii partial esters derived from fatty acids and a hexitol 
such as polyoxyethylene sorbitol monooleate, or condensation products of ediylene oxide widi 
partial esters derived from fatty acids and hexitol anhydrides, for example polyediylene sorbitan 
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monooleate. The aqueous suspensions may also contain one or more preservatives, for example 
ethyl, or n-propyl p-hydroxybenzoaie, one or more coloring agents, one or more flavoring agents, 
and one or more sweetening agents, such as sucrose or saccharin. 

OUy suspensions may be formulated by suspending the active ingredients in a vegetable oil, 
5 for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid 
paraffin. The oily suspensions may contain a thickening agent, for example beeswax, hard 
paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring agene 
may be added to provide palatable oral preparadons. These composidons may be preserved by the 
addition of an anti-oxidant such as ascorbic acid. 
10 Dispcrsible powders and granules suitable for preparation of an aqueous suspension by the 

addition of water provide die active ingredient in admixture with a dispersing or wetting agent, 
suspending agent and one or more preservatives. Suitable dispersing or wetting agents and 
suspending agents are exemplified by diose already mentioned above. Additional excipients, for 
example sweetening, flavoring and coloring agents, may also be present 
15 Pharmaceutical compositions of the invention may also be in the form of oil-in-waier 

emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil, or a mineral 
oil, for example liquid paraffin or mixtures of diese. Suitable emulsifying agents may be naturaUy- 
occurring gums, for example gum acacia or gum tragacanth, naturally-occuiring phosphatides, for 
example soy bean, lecithin, and esters or partial esters derived flx>m fatty acids and hexitol, 
20 anhydrides, for example sorbitan monoleate, and condensation products of the said partial esters 
with ethylene oxide, for example polyoxyethylene sorbitan monoleate. The emulsions may also 
contain sweetening and flavoring agents. 

Syrups and elixirs nuiy be formulated widi sweetening agents, for example glycerol, 
propylene glycol, sorbitor or sucrose. Such formulations may also contain a demulcent, a 
25 preservative and flavoring and coloring agents. The pharmaceutical conq>ositions may be in the 
form of a sterile injectable aqueous or oleaginous suspension. This suspension may be formulated 
according to the known an using those suitable dispersing or wetting agents and suspending agents 
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which have been mentioned above. The sterile injectable preparation may also be sterile injectable 
solution or suspension in a non-toxic parentally acceptable diluent or solvent, for example as a 
solution in 1.3-butanedioL Among the acceptable vehicles and solvents that may be employed are 
water. Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
5 conventionally en^loyed as a solvent or suspending medium. For diis purpose any bland fixed oil 
may be employed including synthetic mono or diglycerides. In addition, fatty acids such as oleic 
add find use in the preparation of injectables. 

The compounds of general Formula i may also be administered in the form of 
suppositories for rectal administration of the drug. These compositions can be prepared by mixing 
10 die drug widi a suitable non-initating cxcipient which is solid at ordinary tenpeiatures but liquid at 
tiie rectal temperature and will dierefore melt in the recnim to release die drug. Such materials are 
cocoa butter and polyediylene glycols. 

Compounds of general Formula 1 may be administered parenterally in a sterile medium. 
The drug, depending on die vehicle and concentration used, can either be suspended or dissolved 
15 in die vehicle. Advantageously, adjuvants such as local anaesdietics, preservatives and buffering 
agents can be dissolved in die vehicle. 

Dosage levels of die order of fi^m about 0.1 mg to about 140 mg per kilogram of body 
weight pet day are useful in die treatment of die above-indicated conditions (about 0.5 mg to about 
7 g per patient per day). The amount of active ingredient diat may be combined witii die carrier 
20 materials to produce a single dosage form will vary depending upon die host treated and the 
particular mode of administration. Dosage unit forms will generally contain between from about 
1 mg to about 500 mg of an active ingredient 

It will be understood, however, diat die specific dose level for any particular patient vnll 
depend upon a variety of factors including die activity of die specific compound employed, die age, 
25 body weight, general healdi, sex, diet, time of administration, route of administration, and rate of 
excretion, drug combination and die severity of die particular disease undergoing therapy. 
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The compounds of the invention may be prepared by the reactions shown below in Scheme 
1. Those having slcill in the art will recognize that the staning materials may be varied and 
additional steps en^loyed to produce odier compounds encompassed by the present invention. 

SCHEMEJ. 



Preparation of 1 -amino substituted isoinrinlt's 




Hg. 10%Pd-C 
CF3OOOH ^ 




(MeO)3BF4 

CH2CI2 




HNRaF\, 



CHCI3, reflux 



NRaRb 




where the A ring is as defined above and NRaRb represents the group 



ni2 Ri3 n ^j^^^ CR'RMc Ri 1. R12, R13. At. and m 



and n are as defined above. 



The invention is further illustrated by the following examples which are not to be construed 
as limiting the invention in scope or spirit to the specific procedures and coiiq>ottnds described 
therein. 
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Example 1 

To a solution of trimcthyloxonium tetrafluoroborate (2.20 g, 14.9 mmol) in (CH2CI2, 20 
niL) was added a solution of phthaiimidine (1.8 g» 13.5 mmoi) in CH2CI2 (20 mL) and the 
solution was stizred for 24 h» The solvent was evaporated in vacuo and the residue was dissolved 
5 in chloroform (80 mL). To this solution was added l-(aminoethyI)-4-(2-pyrimidinyl)pipera2ine 
(2.08 g. 9.0 mmol) followed by triethylamine (5 mL). The solution was boiled under reflux 
overnight and then the solvent was evaporated in vacuo to afford a semisolid residue. The residue 
was dissolved in water (100 mL) and extracted with ediyl acetate (3 x 100 mL) to remove 
unreacted phthaiimidine and primary amine. The aqueous soludon was adjusted to about 20% 
10 NaOH by slow addition of aqueous 50% NaOH and then extracted widi chloroform (2 x 100 mL). 
The combined chloroform extracts were dried (K2CO3) and evaporated to give Compound i as a 
pale yellow oil (2.9 g, quantitative). The hydrobromide salt was crystallized from hot ethanol. 
This compound had a melting point of 292*29S*C (dec.). 

IS Example 2 

To a solution of trimcthyloxonium tetrafluoroborate (1.10 g, 7.45 mmol) in (CH2CI2, 10 
mL) was added a solution of phthaiimidine (0.9 g, 6.75 mmol) in CH2CI2 (10 mL) and the 
solution was stilted for 24 h. The solveht was evaporated in vacuo and the residue was dissolved 
in chlorofonn (40 mL). To this solution was added 3-(aminopropyl)-4-(2-pyrimidinyl)piperazine 

20 (1.1 g, 4.5 mmol) followed by triethylamine (S mL). The solution was boiled under reflux 
overnight and then the solvent was evaporated in vacuo to afford a semisolid residue. The residue 
was dissolved in water (50 mL) and extfacied with ethyl acetate (3 x 50 mL) to remove unreacted 
phthaiimidine and primary amine. The aqueous solution was adjusted to about 20% NaOH by 
slow addition of aqueous 50% NaOH and then extracted widi chloroform (2 x 50 mL). The 

25 combined chlorofomi extracts were dried (K2CO3) and evaporated to give Compound 2 ^ a pale 
yellow oil (0.75 g, 38%). The hydrobronrude salt crystallized from hot ethanol: mp 149-150 "C; 
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base iH-NMR (CDCI3) 8.38 (d, 2H), 7.3-7.5 (m, 5H), 6.55 (i, IH), 4.62 (s, 2H), 3.9 (m, 4H). 
3.63 (m, 2H), 2.63 (m, 6H), 1.8 (m, 2H). 

Exampig 3 

S The following compounds are prepared essentially according to the procedures set forth 

above in Examples 1 and 2. 

(a) l-(N-[2-{N•(3-phenylpropyl)-^^-methyl)a^linoethyl])an™oisoi^dole dioxolate. 
Compound!, m.p.l75-177'C 

(b) 1 -(N-[2- { N'-(3-phenylpropyl)-N'.methyl } aminoethyl]-N-methyll)aminoisoindole. 
10 Compound 4. 

(c) l-0^-[3- { H4-(2-pyridyl)piperazinyl)}propylamino]) aminoisoindole 
dihydrobromide. Compound m.p. 283-285*C (dec.). 

(d) l-(N-[3-{ H4-phenylpiperazinyl) }propyl])aminoisoindole dihydrobromide. 
Compound 6, m.p. 208-21 TC 

15 (e) l-(N-[3- { l-(4-(2-methoxyphenyI))piperazinyl)propyl]) aminoisoindole 

dihydrobromide. Compound 2, m.p. 184-185*C. 

(0 1 -(N-[3- { 1 -(4-phenyl-3-methyI)piperazinyl )propyI]) aminoisoindole 
dihydrobromide. Compound &. 

20 The disclosures in this application of all articles and references, including patents, are 

incorporated herein by reference. 

The invention and the manner and process of making and using it are now described in 

such fiiU, clear, concise and exact terms as to enable any person skilled in the art to which it 

pertains, to make and use the same. It is to be understood that the foregoing describes prefetred 
25 embodiments of the present invention and that modifications may be made therein without 

departing from Uie spirit or scope of the present invention as set fordi in the claims. To particularly 
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10 



What is claimed is: 

1 . A compound of the formula: 
Rl 




R5 {CH2)in R,2 Rl3 / 

Rio "9 

or the pharmaceutically acceptable salts thoeof wherein: 

Rl. R2. R3» R4 and R?. R8 and R9 are the same or different and represent hydrogen^ halogen, 

hydroxy, lower alkyU or lower alkoxy; 
X represents carbon or nitrogen provided that 

where X carbon, R6 represents hydrogen, halogen, hydroxy, lower alkyl having 1-6. 
carbon atoms, or lower alkoxy; and 
where X is nitrogen, R6 represents an electron pair, 
Y represents carbon or nitrogen provided that 

where Y is carbon, Rio represents hydrogen, halogen, hydroxy, lower alkyl, or lower 
alkoxy; and 

where Y is nitrogen, RiQ represents an electron pair, 
IS Z represents carbon or nitrogen provided that 

where Z is carbon, Ru represents hydrogen, halogen, hydroxy, lower alkyl, or Iowct 

alkoxy, or phenyl optionally substituted with one or two groups selected from hydrogen, 

halogen, hydroxy, lower alkyl, or lower alkoxy; and 

when Z is nitrogen, Ri 1 represents an electron pair, 
20 R5 is hydrogen or lower alkyl; 
/ L is an incr eer of from 1-4; 
m is an ine. : rr of from 2-5; 
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n is 0, or an integer of from 1*4; 
Rl2 and R13 independently represent lower alkyl; or 
R12 and Ri3 taken together represent (CH2)s where s is an integer of from 1-6; 
R7 and Rg together may represent a benzo ring optionally substituted with up to four substitutents 
5 selected from hydrogen, halogen, hydroxy, lower alkyl, or lower alkoxy; and 

Rl4» Rl5» RI6 and Rn are the same or different and represent hydrogen or lower alkyL 

2 . A compound of the formula: 

R5 (CH2}m R12 Ri3 /^^o 

Rio "9 

or the phaimaceudcaily acceptable salts thereof wherein: 

R2» R3. R4 and R7, Rg and R9 are the same or different and represent hydrogen, halogen, 

hydroxy, lower alkyl, or lower alkoxy; 
X represents carbon or nitrogen provided that 

where X carbon, Rg represents hydrogen, halogen, hydroxy, lower alkyl having 1-6 

carbon atoms, or lower alkoxy; and 

where X is nitrogen, Rg represents an electron pain 
Y represents carbon or nitrogen provided that 

where Y is carbon, Rio represents hydrogen, halogen, hydroxy, lower alkyl, or lower 

alkoxy; and 

where Y is nitrogen, Rio represents an electron pair, 
Z represents carbon or nitrogen provided that 
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where Z is carbon, R] i represents hydrogen, halogen, hydroxy, lower alkyl, or lower 
alkoxy, or phenyl optionally substituted with one or two groups selected from hydrogen, 
halogen, hydroxy, lower alkyl, or lower alkoxy; and 
) when Z is nitrogen, Ri i repiresents an electron pair; 

5 R5 is hydrogen or lower alkyl; 
L is an integer of fnmi M; 
m is an integ^ of from 2-5; 
n is 0, or an integer of from 1-4; 
R12 and Ri3 independendy represent lower alkyl; or 
10 R12 and Ri3 taken together represent (CH2)s where s is an integer of from 1-6; 

R7 and Rs together may represent a benzo ring opuonally substituted with up to four subsdtutents 
selected from hydrogen, halogen, hydroxy, lower alkyl, or lower alkoxy. 

3 . A compound of Claim 1 which is l-(N-[2-( l-(4-(2- 
15 pyrimidyOpiperazinyl) )ethyl])aminoisoindoIe. 

4. A compound of Claim 1 which is l-(N-[3-{ l-(4-(2- 
pyiimidyOpiperazihyl) }propylamino)ammo)isoindole. 

20 5. A compound of Qaim 1 which is l-(N-[2-{N'-(3-phcnylpropyl)-N- 

methyl }aminoethyl])aminoisoindole. 

6. A compound of Qaim 1 which is l-(N-[2-|N -(3-phenylpropyl)-N'- 
methyl }aminoethyl]-N-methyl])aminoisoindole. 

25 

7 . A compound of Claim 1 which is 1 -(N-[3- { 1 -(4-(2- 
pyridyl)piperazinyl) }propyIamino])aminoisoindole. 

.29. 
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8. A compound of Claim 1 which is l-(N-[3-{ l-(4- 
phenylpip«BzinyI)}propyl])aminoisoindoIe. 

5 9. A compound of Claim 1 which is l-(N-[3-{ l-(4-(2- 

niethoxyphenyl))pipera2dnyl jpropylDaminoisoindole. 

10. A compound of Qaim 1 which is l-(N-[3-{ l-(4-phcnyi-3- 
methyl)piperazinyl }propyl])aminoisoindole. 



( 
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